The intraceliular location of enzymes involved in the synthesis of the ureides, allantoin and allantoic acid, was investigated in nodules of Glycuie max L. Merr. Ceilular organelles were separated on isopycnic sucrose density gradients. Xanthine dehydrogenase activity (270 nanomoles per min per gram fresh weight) was totally soluble, whereas approximately 15% of the total uricase and catalase activities (1 and 2000 micromoles per minute per gram fresh weight, respectively) was in the fraction containing intact peroxisomes. Aliantoinase activity (680 nanomoles per minute per gram fresh weight) was associated with the microsomal fraction, which apparently originates from the endoplasmic reticulum.
The ureides, allantoin and allantoic acid, are the predominant form of nitrogen transported in the xylem of soybean and cowpea plants growing symbiotically (10, 16) . The synthesis of allantoic acid presumably occurs via the degradation of purines (1, 24) . After differential centrifugation of extracts from cowpea or soybean nodules, the enzymes of purine catabolism were found in the soluble fraction (1, 24) . These results do not rule out the possibility that these enzymes are located in fragile organelles, such as peroxisomes. This possibility is supported by results after careful fractionation of nodule extracts by differential centrifugation (19) .
One enzyme in the purine degradation pathway, uricase, is normally found in peroxisomes, along with catalase, which degrades the H202 produced by uricase. Small amounts of uricase have been reported to be present in glyoxysomes of germinating fatty seeds (23) and in microbodies from potato tubers (18) . Traces of uricase are also present in peroxisomes from other plant tissues (12, 13) . In all of these reports, uricase was easily solubilized and did not appear to be part of the crystalline core of the peroxisome. Xanthine dehydrogenase is generally found in the cytosolic fraction, although reportedly it is present in peroxisomes from avian livers (20) . Allantoinase and allantoicase have been reported to be present in peroxisomes from amphibian (20) and fish (17) livers. Approximately one-half of the allantoinase activity in castor bean endosperm was associated with glyoxysomes and the remainder was in the proplastid region. Eighty percent of the total activity was lost on the gradient (23 endosperm allantoinase, most of the activity was found in fractions of density 1.21 g/cc or greater. In this case, the allantoinase activity, which was reported only as A units, appeared to be extremely low and the location of other organelles was not adequately characterized (22) . At least part of the pathway of purine catabolism has been considered to be associated with animal peroxisomes and possibly with plant microbodies. This project was initiated to examine the organelle distribution of the enzymes associated with allantoin and allantoic acid formation in nodules, which form these compounds from recently fixed nitrogen for transport to the leaves and pods. M sucrose, 10 ml 1.8 M sucrose, 10 ml 1.75 M sucrose, 10 ml 1.7 M sucrose, 6 ml 1.5 M sucrose, and 6 ml 1.3 M sucrose. To obtain a better separation of microsomes, a gradient of 3 ml 2.3 M sucrose, 5 ml 1.9 M sucrose, 7 ml 1.8 M sucrose, 7 ml 1.75 M sucrose, 7 ml 1.7 M sucrose, 7 ml 1.5 M sucrose, 6 ml 1.3 M sucrose, 4 ml 1.0 M sucrose, and 4 ml 0.83 M sucrose, was used. All sucrose solutions were prepared in 0.1 M Tricine (pH 7.8).
MATERIALS AND METHODS
Gradients were centrifuged in a Beckman SW 25.2 swinging bucket rotor at 4 C in a Beckman L-2 ultracentrifuge. The speed was slowly accelerated by holding for 15 min each at 5,000, 10,000, 15,000, and 20,000 rpm, and then run for 5 h at 25,000 rpm (106,900g). Fractions from 2 to 5 ml were collected from the top of the gradient using an ISCO model 185 Density Gradient Fractionator.
Catalase activity was determined by the decrease in A at 240 nm (14) . Uricase activity was determined by the decrease in A at 293 nm in a l-ml assay mixture containing 0.1 mm uric acid in 0.1 M 2-N-cyclohexylaminoethanesulfonate (Sigma) buffer at pH 10 (19). Nodular uricase was inhibited by borate buffer and Triton X-100. NADH-Cyt c reductase activity was measured by the NADH-dependent increase in A at 550 nm (4) , using an extinction coefficient of 21 mm-' cm-' (15 FI. .Ditrbtinoforaele ake nzmeatiite ( )an seifc civtes--) n ucoe raintafe cnriugtonfo ho a ouehmgeaewihcntie S nth rnigmei n a ppiddrcl t h rden.Uisaenmlm0'm'exetctls which~~~~~~~~~~~~~~3 isi mlmi'm' Prxsmsbne0ta est f12 /c ATPase was assayed by measuring the Pi released (I 1). IDPase2 activity was measured 48 h after extraction of tissue by determining Pi released from IDP (4).
The xanthine dehydrogenase assay mixture contained 5 ltmol NAD, extract, and 0.1 M Tricine (pH 8.4), in a final volume of 1 ml. The endogenous rate at 340 nm was measured and the reaction was initiated with the addition of 0.25 ,imol xanthine. Hydroxybutyrate dehydrogenase activity was measured after incubation of extract with 50 ,ul 10%o Triton X-100 for 2 min, and then addition of 5 Amol NAD and 0.1 M Tricine (pH 7.8) to a volume of 1.0 ml.
The increase in A at 340 nm was measured. The reaction was initiated by the addition of 50 umol ,8-DL-hydroxybutyrate.
Allantoinase activity was measured by formation ofthe product, allantoic acid. Allantoic acid was determined by boiling in dilute acid and measuring the diphenylformazan derivative of the glyoxylate produced (26 (Figs. 1 and 2) . No activity of glucose-6-phosphatase, another microsomal marker, could be detected. Two peaks of bacterial origin were observed using the marker enzyme, hydroxybutyrate dehydrogenase. The band of lower density was presumed to be mature bacteroids, and the band of higher density, which overlapped the peroxisomal band, to be vegetative cells (6) . Other marker enzymes used were Cyt c oxidase for mitochondria and triosephosphate isomerase for proplastids (Fig.   1 ). Specific activities of the marker enzymes are shown as a dashed line in Figure 1 . Specific activities for soluble enzymes in the upper three or four fractions were low because of the addition of BSA to the grinding media, and as a result, the specific activity peaks of the microsomal marker enzyme, Cyt c reductase, and allantoinase were shifted toward higher densities of sucrose than the plotted peaks for total activity. The specific activities of catalase in the peroxisomes was 160 ,umol min-' mg protein-' and for uricase it was 89 nmol min-' mg protein-'.
In order to assay hydroxybutyrate dehydrogenase, it was necessary to break the bacteroids by sonication or treatment with Triton X-100. No activity could be measured prior to such treatment. Catalase and uricase activity could be measured without sonication or treatment with detergent, and actually decreased if sonicated (data not shown). This suggested that these enzyme activities in fractions of density 1.24 to 1.27 g/cc were derived from two different organelles.
To test the hypothesis that hydroxybutyrate dehydrogenase activity in the peroxisomal band was due to contaminating bacteria, fractions at approximately 1.24 to 1.27 g/cc sucrose were combined, diluted with two parts buffer, and vortexed to break the fragile peroxisomes. The sample was then centrifuged I h at 145,000g in a Beckman TY 65 rotor, and the pellet and soluble fraction were assayed separately. The pellet was washed with 0.5 ml buffer, and resuspended in 1.0 ml. Catalase and uricase activity were in the soluble fraction (Table I) , while the hydroxybutyrate dehydrogenase activity remained in the pelleted bacteroids. The specific activity of catalase and uricase increased greatly in the soluble fraction, due to the removal of the large amount of bacterial protein.
To examine the organelle location of allantoinase further, the sucrose density gradient was broadened slightly to give better separation in the area of the microsomes (Fig. 2) . DTT and soluble PVP, which were found to inhibit allantoinase, were omitted in this gradient. Allantoinase cosedimented with Cyt c reductase, a microsomal marker. As before, specific activities in the upper fractions were low, due to BSA in the grinding media. Very few units of allantoinase were in the top fractions, and this suggests that the enzyme may be membrane-bound as it was not solubilized upon breakage of the ER. The activity of IDPase, a marker enzyme for Golgi apparatus in plants (4) , was mainly in the soluble fraction. The potassium-stimulated ATPase, a marker enzyme for the plasma membrane in plants (11) , was also in the soluble fraction. Thus, it appeared that the allantoinase activity in the microsomes did not originate from either Golgi or plasma membranes. Whereas allantoinase and Cyt c reductase cosediment, it is probable that allantoinase is located in the ER. The possibility still exists that the microsomes to which allantoinase is bound arise from the broken fragments of peroxisomal membranes or from some other source.
CONCLUSIONS
Based on the distribution of the enzymes of purine catabolism, it is suggested that the intermediates in the ureide pathway are metabolized in several locations in the cell. (Fig. 3) . Nitrogenase is contained within the bacteroids, which release ammonia to the host cell. We have pictured glutamate synthase and glutamine synthetase in the proplastids, inasmuch as these enzyme activities have been localized in leaf chloroplasts (25) . Amino acids are then used in the synthesis of purines (1), which are degraded to xanthine (25) in the cytosol. Xanthine appears to be converted to uric acid in the cytosol by xanthine dehydrogenase. Uric acid is oxidized to allantoin in the peroxisomes by uricase, producing H202, which is degraded by catalase, also located in the peroxisomes. Allantoin then appears in the xylem sap (16) 
